Neurosyphilis refers to infection of the central nervous system (CNS)by *Treponema pallidum*, which may occur at any stage. Neurosyphilis was common in the pre-antibiotic era and accounted for 10% to 20% of patients admitted to asylums ([@b1-idmm-26a-18]). The organism invades the CNS relatively early in the infection in approximately one-quarter of patients, based on studies involving the inoculation of cerebrospinal fluid (CSF) into rabbits ([@b2-idmm-26a-18],[@b3-idmm-26a-18]). While most patients will clear the organism from their CNS without treatment, an estimated 4% to 9% of patients may eventually develop late manifestations of neurosyphilis ([@b4-idmm-26a-18],[@b5-idmm-26a-18]).

CLINICAL FINDINGS ([APPENDIX 1](#app1){ref-type="app"})
=======================================================

Neurosyphilis has been categorized in many ways including early and late, asymptomatic versus symptomatic and infectious versus non-infectious ([@b6-idmm-26a-18]--[@b8-idmm-26a-18]). Early neurosyphilis is a stage that coexists with a primary, secondary or early latent syphilis infection, with or without symptoms. In some circumstances it can present as meningitis or with a stroke affecting the brain or spinal cord (meningovascular syphilis). Late neurosyphilis primarily affects the CNS parenchyma, and occurs beyond early latent syphilis, years to decades after the initial infection. Associated clinical syndromes include general paresis, tabes dorsalis, vision loss, hearing loss and psychiatric manifestations.

Indications for lumbar puncture
-------------------------------

As a lumbar puncture is not without risk, the decision to perform this procedure needs to be carefully considered. Patients in any of the following categories with positive syphilis serology should be strongly considered for a lumbar puncture ([@b9-idmm-26a-18]--[@b11-idmm-26a-18]): Congenital syphilisPresence of neurologic or ophthalmic manifestationsTertiary syphilisPatients who fail to achieve an adequate response to treatmentMonitoring neurosyphilis treatment responseIn addition to the above, CSF exam should be considered in HIV-infected patients with: ○ Serum RPR titre ≥1:32 dilutions OR○ CD4 \<350 cells/μL OR○ Some experts recommend CSF examination in all HIV-infected individuals with any stage of syphilis OR○ Late latent syphilis OR○ To rule out other differential diagnosis

TESTING ALGORITHMS FOR NEUROSYPHILIS
====================================

Patients who are HIV-infected and with low CD4 counts may present with serological and CSF findings that are different from immunocompetent hosts ([@b12-idmm-26a-18]). Hence, two separate algorithms, adapted from Marra ([@b13-idmm-26a-18]), are presented below:

Algorithm for HIV-uninfected patient ([Figure 1](#f1-idmm-26a-18){ref-type="fig"})
----------------------------------------------------------------------------------

The entry point for this algorithm is usually a serodiagnosis of syphilis (see Serology chapter) Serologically positive patients with clinical signs and symptoms consistent with neurosyphilis (including ocular and auditory manifestations) should have a CSF examination performed ([@b11-idmm-26a-18]). Note, however, that CSF examination is frequently normal in patient with auditory involvement ([@b14-idmm-26a-18]). Whenever the eye and/or ear is involved, the patient is managed as a neurosyphilis infection regardless of CSF findings ([@b15-idmm-26a-18]). Criteria for asymptomatic neurosyphilis have not been standardized and have been applied inconsistently in research studies ([@b8-idmm-26a-18],[@b15-idmm-26a-18]).

Patients with a reactive CSF-VDRL test are to be treated for neurosyphilis. As well, patients with a CSF white cell count of ≥5×10^6^/L should also be treated due to the poor sensitivity of the CSF-VDRL test and the association between abnormal CSF cell counts and neurosyphilis. Some authors ([@b11-idmm-26a-18]) also suggest that patients with a high CSF protein (\>45 mg/dL) should have their CSF tested by the FTA-ABs assay, a treponemal-specific test, because it is more sensitive that the CSFVDRL. If the FTA-Abs gives a positive result, this is highly suggestive evidence for neurosyphilis, especially if the patient has features compatible with neurosyphilis, which is often a difficult diagnosis to make given the protean nature of this disease. However, these and other authors also recognize the lower specificity of the FTA-Abs assay relative to the VDRL, thus emphasizing the application of sound clinical judgment in making a diagnosis of neurosyphilis. The use of CSF *Treponema pallidum* particle agglutination assay (TPPA) needs further validation with adequate sample size before recommendations can be made ([@b16-idmm-26a-18]). In patients in whom there is some evidence to suggest a clinical diagnosis of neurosyphilis, but the CSF parameters are indeterminate, consultation with a syphilis expert should be sought.

Algorithm for HIV-infected patient ([Figure 2](#f2-idmm-26a-18){ref-type="fig"})
--------------------------------------------------------------------------------

As with an immunocompetent patient, the entry point is usually a serodiagnosis of syphilis (see Serology chapter). However, in some patients, the treponemal-specific markers can be indeterminate, inconclusive or, in rare cases, negative, especially if the patient is extremely immunocompromised ([@b12-idmm-26a-18]). These factors should be considered when determining whether to proceed with a lumbar puncture, especially in the absence of supporting clinical signs and symptoms. Serologically positive patients with clinical signs and symptoms consistent with neurosyphilis should have a CSF examination performed, as should asymptomatic HIV-infected patients with a serum RPR titre at least 1:32 or patients with a CD4 count \<350 cells/μL ([@b17-idmm-26a-18]). HIV itself is associated with mild CSF pleocytosis and mild elevation of CSF protein. Patients with a reactive CSF-VDRL, as well as those with a CSF white cell count ≥20×10^6^/L, should be treated for neurosyphilis using the recommended treatment regimens. In light of the insensitive CSF-VDRL assay, some experts propose that HIV-infected patients with a CSF white cell count between 6×10^6^/L and 20×10^6^/L and at high risk for neurosyphilis be treated for neurosyphilis even when the CSF-VDRL is negative.

CSF COLLECTION REQUIREMENTS AND INTERPRETATION
==============================================

The blood-CSF barrier is a physical and physiological one, resulting in differences in the concentration between many macromolecules between these two compartments. In [Table 1](#t1-idmm-26a-18){ref-type="table"}, adult normal ranges are provided, and these parameters vary for different infectious and non-infectious diseases.

The numbers of tubes required to process all of the tests may vary among laboratories. The suggested sequence, number and volumes of CSF per tube is provided below (check with local laboratory for details): CSF cell count and differential count (1 mL) and differential countCSF total protein (1 mL),CSF VDRL (and FTA-Abs)^\*^ (1 mL) *T pallidum* PCR (1 mL)

^\*^Since CSF samples should be free of visible red blood cells, the second or third aliquots should be tested in the VDRL and FTA-Abs assays. The presence of red cells may signify a traumatic tap, which could adversely affect the interpretation of these assays.

Once CSF is collected it should be kept cool but not frozen prior to testing. The cell count and protein should be determined as soon as possible after the lumbar puncture, due to cell lysis on prolonged storage. If the request is not urgent, samples for VDRL testing can be stored for up to one week in the fridge (approximately 4°C) before being tested, after which they should be stored frozen at −20°C or below. Samples for molecular testing should be stored at −70°C as soon as possible if testing is not available within approximately five days ([@b18-idmm-26a-18]).

LABORATORY TESTS ([TABLE 1](#t1-idmm-26a-18){ref-type="table"})
===============================================================

Tests available for syphilis detection can be divided into antibody and direct detection methods. Antibody assays include the time-honoured VDRL assay and the FTA-Abs. PCR for *T. pallidum* can be used as direct detection assays for some specimens.

VDRL (Venereal Disease Research Laboratory)
-------------------------------------------

This is a non-treponemal assay requiring a light microscope to view the flocculation reaction adequately. Heat inactivation of CSF is not required prior to the VDRL assay. All qualitative positive CSF samples should be diluted two-fold in saline to obtain an endpoint for quantitative comparison. The endpoint titre is the last dilution to show a reactive result ([@b19-idmm-26a-18]). Appropriate positive and negative controls have to be included to verify the accuracy of the assay.

The specificity of the CSF VDRL is high (99.8%) whereas its sensitivity is approximately 50% (range 30% to 70%) ([@b8-idmm-26a-18]). Consequently, while a negative CSF VDRL does not exclude neurosyphilis, a positive finding is strongly suggestive of the disease. Rare false-positive VDRL results do occur and additional testing such as FTA-ABs may be an alternative verification assay, together with serological verification of syphilis infection. Patients who are serologically negative for syphilis but have a positive CSF VDRL are unlikely to have neurosyphilis. An additional advantage of this assay is that because it is quantitative, changing titres can be used to monitor the effectiveness of treatment.

CSF FTA-ABS (Fluorescent Treponemal antibody -- absorbed)
---------------------------------------------------------

This is a highly sensitive treponemal-based assay, which utilizes the principle that treponemal-specific antibodies in serum or CSF will attach to corresponding antigenic sites of *T. pallidum* organisms fixed on a slide. In turn, reagents containing fluorescent conjugated anti-human antibody will bind to those on the organism thus allowing visualization of the spirochetal morphology when viewed by fluorescence microscopy. Consequently, this assay is subject to a number of limitations such as non-specific fluorescence and operator subjectivity ([@b20-idmm-26a-18]). When dealing with CSF samples, it is particularly important to prevent contamination with serum or plasma because the high sensitivity of the FTA-Abs assay can detect very low levels of contaminating serum antibody. Thus, the presence of any red cells is a key indicator of a possible contamination and lumbar puncture should be repeated. The role of this assay is still debated.

Despite effective treatment, the CSF FTA-Abs can continue to be positive for an extended period. In serial follow-up testing of treated patients, CSF FTA-Abs assay is not useful ([@b21-idmm-26a-18]).

CSF *Treponema pallidum* particle agglutination assay (TPPA)
------------------------------------------------------------

This is a treponemal assay primarily used for confirmation of syphilis treponemal antibody in serum samples. Some clinicians ([@b16-idmm-26a-18],[@b17-idmm-26a-18]) have proposed the use of this assay as an alternative to the FTA-Abs assay. In two studies, this CSF assay performed similar to the CSF FTA-Abs, with both assays identifying true cases of neurosyphilis, based upon a reactive VDRL result. However, both also identified antibody in some control patients with no evidence of neurosyphilis, thus again emphasizing the value of exercising clinical judgment in making this diagnosis in isolation from all the laboratory and clinical information.

The TPPA does not seem to have found general use in many clinical laboratories, as part of the protocol is to calculate a serum-to-CSF ratio or index ([@b22-idmm-26a-18]), which may not always be possible if a matched blood sample is not drawn at that time of the lumbar puncture.

CSF INNO-LIA
------------

This is a line blot immunoassay that has been applied to the confirmation of treponemal antibody in plasma or serum. This assay has been applied to the determination of treponemal antibody in CSF in a single article ([@b23-idmm-26a-18]). While this assay was able to detect the presence of antibody in patients with neurosyphilis, there was no control group to serve as a comparison. Consequently, this assay is still a research tool rather than a diagnostic tool.

CSF *T pallidum* PCR
--------------------

This molecular detection of treponemes in CSF was published by Hay et al ([@b24-idmm-26a-18]) in 1990. Subsequent studies have shown that this assay is not as sensitive as the rabbit infectivity assay that can detect as few as one to two viable treponemes whereas at least 10 organisms are needed for PCR positivity. Although available, this assay is generally restricted to reference facilities. At this stage, PCR is not a sensitive enough tool for the routine detection of *T. pallidum* in serum or CSF. If CSF tests positive for *T. pallidum* in a well-validated assay, this result is definitive for the presence of the organism.

RESPONSE TO TREATMENT
=====================

In addition to clinical monitoring, serum RPR should be monitored at ([@b1-idmm-26a-18]), three, six, 12 and 24 months for immunocompetent individuals, and HIV-infected individuals should be monitored more frequently, at three, six and 12 months, and yearly thereafter in accordance with the Canadian Guidelines for Sexually Transmitted Infections ([@b10-idmm-26a-18]). Those with abnormal CSF findings should have follow-up CSF at six-monthly intervals until normalization of CSF parameters.

In adults, CSF pleocytosis is generally the first measure of improvement and a decline should occur over approximately six months. The CSF-VDRL titre should decline (fourfold within a year) if it is initially high, but it may take years to revert to negative ([@b25-idmm-26a-18]). A persistent, low CSF-VDRL titre after a course of treatment may warrant retreatment, but if CSF pleocytosis and elevated protein levels have resolved and serum VDRL titre has not risen, additional treatment is unlikely to be beneficial ([@b26-idmm-26a-18]). Elevated protein levels, if present, will begin to decline during the first six months but can take up to two years to return to normal ([@b27-idmm-26a-18]). CSF protein may decline more slowly in patients who are neurologically abnormal compared with those who are neurologically normal ([@b28-idmm-26a-18]). A normalization of serum RPR is predictive of normalization of CSF and clinical abnormalities after treatment of neurosyphilis ([@b29-idmm-26a-18]). If the CSF cell count has not decreased after six months or if the CSF improvement is sub-optimal after two years, retreatment should be considered ([@b10-idmm-26a-18]).

All CSF laboratory parameters normalize more slowly in patients co-infected with HIV ([@b28-idmm-26a-18]). The possibility of treatment failure should be considered if there is clinical progression or an increase in RPR/ VDRL by ≥2 dilutions at any time or if CSF pleocytosis fails to resolve two years post-therapy.
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  **Diagnosis**                                                                                                 **Symptoms**                                      **Signs**
  ------------------------------------------------------------------------------------------------------------- ------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Asymptomatic                                                                                                  None                                              
  Parenchymatous neurosyphilis                                                                                  General paresis                                   Emotional lability
  15--20 years after primary infection                                                                          Loss of short-term memory                         
  Slurred speech                                                                                                                                                  
  Lack of attention to personal appearance                                                                                                                        
  Psychotic delusional state, especially megalomania, "general paresis of the insane"                                                                             
  Hyperactive reflexes                                                                                                                                            
  Argyll Robertson pupils                                                                                                                                         
  Tabes dorsalis                                                                                                Shooting or lightning pains in the extremities    
  25--30 years after primary infection                                                                          Loss of position sense in the lower extremities   
  Impotence                                                                                                                                                       
  Urinary and fecal incontinence                                                                                                                                  
  Wide based ataxic gait with footslap                                                                                                                            
  Argyll Robertson pupils                                                                                                                                         
  Romberg's sign                                                                                                                                                  
  Cranial nerve disturbances such as loss of facial expression and tremors of lips, tongue and facial muscles                                                     
  Meningovascular neurosyphilis                                                                                 Weeks to years after primary infection            Neck stiffness
  Generalized or focal seizures                                                                                                                                   
  Aphasia                                                                                                                                                         
  Hemiplegia or hemiparesis                                                                                                                                       
  Ocular disturbances                                                                                           Weeks to years after primary infection            Iridocyclitis, episcleritis, vitreitis, retinitis, retinal detachment, progressive concentric constriction of visual fields with normal visual acuity ("gunbarrel sight")
  Syphilitic otitis                                                                                             Weeks to years after primary infection            Asymmetric deafness & tinnitus

![Suggested algorithm for testing and treating HIV-uninfected individuals with suspected neurosyphilis](idmm-26a-18-1){#f1-idmm-26a-18}
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###### 

Normal and abnormal values of selected parameters in cerebrospinal fluid (CSF) in adults

  **CSF test/parameter^[\*](#tfn1-idmm-26a-18){ref-type="table-fn"}^**   **Abnormal values**   **Normal range**
  ---------------------------------------------------------------------- --------------------- ------------------
  VDRL^[†](#tfn2-idmm-26a-18){ref-type="table-fn"}^                      Reactive              Non-reactive
  WBC count                                                              \>5×10^6^/L           0 to 5×10^6^/L
  Protein                                                                \>45 g/L              0.15 to 0.45 g/L

In the immunocompetent patient;

Due to the low sensitivity of this test, a non-reactive result should not solely be used to exclude a diagnosis of neurosyphilis;

A calculation can be used to correct CSF white blood cell (WBC) counts that are falsely increased due to a traumatic tap: CSF WBC (corrected) = CSF WBC (uncorrected) -- (WBC\[blood\] × RBC\[CSF\] / RBC\[blood\])

[^1]: Denotes section lead
